Summary.
Using As is well known, oocytes and associated cells in an overwhelming majority of ovarian follicles become extinct through follicle atresia. This is characterized by the degeneration of follicular epithelial cells, especially with their pyknotic condensation of chromatin in the nuclei, and their detachment from the basement membrane.
This process of degeneration in the follicular epithelial cells has been proved to represent apoptosis by application of the gel electrophoretic technique initiated by WYLLIE (1980) . This technique detects the cleavage of DNA into oligonucleosomal fragments by endonuclease, which are visualized in typical 'ladder' patterns (HUGHES et al., 1991: rat follicular epithelial cells; TILLY et al., 1991 TILLY et al., , 1992 : chicken and pig follicular epithelial cells and thecal cells). HUGHES et al. (1991) also histologically showed pyknotic nuclei in the cells undergoing apoptosis.
A cytochemical method was then invented by GAVRIELI et al. (1992) who succeeded, using various organs and tissues, in identifying apoptotic cells in situ by labeling the 3'-OH ends of DNA fragmentation in the nuclei in the method of TdT-mediated dUTPbiotin nick end labeling (TUNEL). Apoptotic cells in ovarian follicles were investigated by this method already in the first paper by GAVRIELI et al. (1992: mouse follicular epithelial cells). Some studies on ovarian follicles then followed, examining how a series of sex hormones released from the hypothalamus and pituitary regulate apoptosis in follicles, using the TUNEL method as well as electrophoretic techniques (BILLIG et al., 1993 (BILLIG et al., , 1994 : rat follicular epithelial cells).
The possible fate of the follicular epithelial cells after they undergo apoptosis could be postulated as follows: 1) they might be autolysed after being continuously fragmented into smaller pieces; 2) they might be phagocytosed either by adjacent intrinsic cells, i.e., follicular epithelial cells and/or thecal cells; or 3) by extrinsic phagocytes, especially macrophages. As far as the author is aware, there seems to be no report available dealing with the fate of the cells after apoptosis in the follicle atresia.
Using rabbit ovaries, this study ascertains the degeneration of follicular epithelial cells to be on an apoptotic basis, and depicts its processes in greater detail than previous works, pursuing them to the final stages. As far as is known, this report is the first to demonstrate that some of the apoptotic follicular epithelial cells are phagocytosed by macrophages. 
MATERIALS AND METHODS
Mature virgin rabbits (4-7 months old, 2.5-3.5 kg) were employed in this investigation. The animals were killed by a blow on the head. Both ovaries were dissected out and cut longitudinally into two pieces to be immersed overnight in 10% formalin for fixation. One was embedded in paraffin to be cut serially, 5um in thickness, while the other was rapidly frozen in liquid nitrogen to be cut to a 10um thickness. As general stainings, hematoxylin and eosin, and Masson-Goldner's trichrome technique with the Weigert's hematoxylin were applied. In order to detect the DNA fragmentation specific to apoptosis, the TUNEL method (GAVRIELI et al., 1992) large Graafian follicles near the medulla. Atretic ones were noticed here and there among these follicles at various developmental stages. Graafian follicles showing atretic signs were selected to be observed in this study.
In such follicles, we were able to recognize that nuclear chromatin in certain follicular epithelial cells was condensed to be intensely stained with hematoxylin, and that many of the chromatin masses were cleaved into parts.
At an initial stage of the atresia in Graafian follicle, though rather difficult to distinguish from the normal structure, some of the follicular epithelial cells appeared solitary, revealing condensed nuclear chromatin. The cells, which had been polyhedral in shape and associated with adjacent cells, now turned round in shape and smaller in size, forming marked spaces against adjacent healthy-appearing epithelial cells (Fig. 1) . Appling the TUNEL method to adjacent, serially cut sections, the nuclei revealing the above-indicated changes were demonstrated to be positive to it (Fig. 2) .
In the next stage of follicle atresia, degenerative signs, i.e., chromatin condensation and the rounding and separation of the cell, prevailed in the majority of epithelial cells surrounding the follicle, whereas only a few of the cells forming the cumulus oophorus showed those changes as yet (Fig. 3) . Serial section study gave evidence that most of the cells which revealed the nuclear changes recognized with hematoxylin staining were positive to the TUNEL reaction (Fig. 4) .
In the further stage, the cell changes spread to cover almost all follicular epithelial cells including the cells of the cumulus oophorus. Each nucleus was further separated, and the cell itself was fragmented into smaller pieces, some comprising only a cytoplasm without any nuclear element (Fig. 5 ). The follicular epithelium had now more or less completely collapsed and the separated cells loosely filled the follicular lumen. In certain follicles with advanced atretic changes where essentially all follicular epithelial cells revealed clear nuclear and cytoplasmic changes, large round cells apparently differing in cytological features could be found among the cells floating in the follicle (Fig. 6 ). These were conspicuously large in size, exceeding 15 or 20um in diameter, or several times that of the fragmented The nuclei of the large cells were rounded or irregular in shape, rather lightly tinged in staining and often indented in contour. The cytoplasm of the cells was stained pink with eosin and acid fuchsin, and revealed many round inclusion-like bodies contained mainly in its margin. These bodies apparently corresponded to the cell fragments internalized into the large cells.
Histochemistry for acid phosphatase demonstrated these large cells to contain red-stained dotted structures in the cytoplasm. Further, double staining with the TUNEL method made it clear that part of the round bodies attached to and contained within the large cells were positive to this reaction (Fig. 7) .
Without exception, in all follicles where the large cells were being exuded, follicular epithelial cells extensively showed the nuclear and cytoplasmic changes; many of them were internalized within the large cells. In contrast, the large cells were never recognizable in normal Graafian follicles lacking the degenerative signs of follicular epithelial cells.
At a more advanced stage of follicle atresia, only a few of the large cells were scattered in the follicle, where few epithelial cells or their pieces could be found. The inclusion-like bodies in the large cells now could hardly be seen in their cytoplasm. The follicular lumen was being replaced with cellular and fibrous elements coming from the theca folliculi through the basement membrane.
Although the oocytes appeared degenerated in being surrounded by an irregularly waved zona pellucida, chromatin condensation and nuclear cleavage could not be demonstrated clearly. The TUNEL method could not give positive reactions in oocytes.
At the last stage of follicle atresia, theca interna cells and interstitial cells of endocrine appearance occupied the entire inside of the follicle, while the large cells in question had disappeared. HUGHES et al. (1991) proved apoptosis in rat follicular epithelial cells, by histologically demonstrating pyknotic nuclei in hematoxylin and eosin stained tissue sections, as well as by electrophoretically detecting the 'ladder' pattern in low molecular weight DNA from the cells obtained using needle-puncture technique from rat follicles. GAVRIELI et al. (1992) published a novel cytochemical method to prove apoptosis by labeling the 3'-OH ends of fragmented nuclear DNA, and demonstrated it in follicular epithelial cells in mice. Using rabbit ovaries, the present study confirms that the follicular epithelial cells in atretic follicles undergo apoptosis on the basis of their cytological features, i.e., the crescent condensation of nuclear chromatin to the margin of the nucleus, and cytoplasmic fragmentation, both changes being characteristic of apoptosis (KERR et al., 1972) , even more evidence is provided on the basis of the positive TUNEL reaction occurring in parallel with the above-mentioned morphological changes. The acid phosphatase positive (red stained) macrophages are densely intermingled with epithelial cell fragments, a part of which are attached to or internalized by the macrophages.
DISCUSSION
Some of the cell pieces contain chromatin condensations and fragmentations which are positive to the TUNEL reaction (arrowheads). Note two typical apoptotic nuclei attached by the macrophages (arrows). X1,050
